ABSTRACT Canadian Food Inspection Agency (CFIA) has adopted the term cyanosis to describe a category of condemnation for poultry that is dark but has no other condemnable lesions. Two case-control studies (n = 30 pairs; n = 65 pairs) of 18-wk-old tom turkeys were conducted. A case was defined as a carcass condemned by the veterinary inspector for cyanosis, and a control carcass was one that passed inspection. Microbiological tests were conducted on samples of Pectoralis major and Gastrocnemius lacteralis. A modified Rappaport Vassiliadis medium was used for Salmonella, and a Petrifilm method was used to assess aerobic counts, coliform counts, and Escherichia coli. The Salmonella (qualitative) test was nega-
INTRODUCTION
The Canadian Food Inspection Agency (CFIA) has adopted the term cyanosis to describe a category of condemnation for poultry carcasses that have dark skin and breast muscle coloration and an absence of other condemnable lesions (Herenda and Franco, 1996) . Cyanotic carcasses are condemned because the cause of carcass discoloration is unknown, and there is a belief that the abnormal color may reflect some underlying disease condition that renders the meat unsafe for consumption or as otherwise unwholesome. Policy makers are particularly concerned that the dark color is due to the presence of a septicemictoxemic condition and not to the abnormal accumulation of deoxyhemoglobin, as the category name would suggest (Herenda and Franco, 1996) . Septicemia-toxemia is a category of condemnation of poultry used by CFIA and the USDA to condemn carcasses that are likely affected with nonspecific infections or other toxic conditions (Herenda and Franco, 1996) . 1 To whom correspondence should be addressed: jp_vaillancourt@ ncsu.edu.
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tive for all cases and controls, and there were no significant differences between the aerobic counts, coliform counts, and E. coli counts of case and control carcasses. Two pathologists conducted a blind histopathological study: there were no lesions compatible with those of septicemia-toxemia, as defined by CFIA and the USDA, nor any significant histopathological differences between the skin, P. major, G. lateralis, kidney, liver, spleen, small intestine, pancreas, lung, and heart of cases and controls. The inter-rater agreement between pathologists ranged from good to excellent (Kappa = 0.7 to 1.0). In the absence of important lesions and microbial contamination, carcasses with this color change alone should be suitable for human consumption.
Carcasses with bluish skin and muscle that are accompanied by other lesions (enlarged spleen or edematous and congested lungs) compatible with septicemia-toxemia are condemned as such, as decreed by CFIA and USDA. However, in Canada, but not in the US, carcasses with only bluish skin or muscle fit into the definition of cyanosis and are condemned.
Turkeys condemned at slaughter for cyanosis have muscle color and pH changes compatible with dark, firm, dry meat, and these muscle changes are present in the absence of any other lesions (Mallia et al., 1996) . It has also been shown that meat with DFD-like traits is present in chickens condemned for cyanosis (Mallia et al., 1997) . The poultry industry in Canada desires that poultry with cyanosis be condemned if warranted, but if meat from affected birds does not pose a public health threat and is not of poor quality, then there are grounds to have the regulations modified in favor of passing this meat for human use.
Among the criteria relevant to a risk assessment of the use of cyanotic turkey meat for human consumption are Abbreviation Key: CFIA = Canadian Food Inspection Agency; MSRV = modified semi-solid Rappaport Vassiliadis medium. the microbiological characteristics of this meat and the presence of any lesions detectable at gross inspection or by histological examination of tissues. To this end, the purpose of this study was to describe the microbiological profile and the gross and histopathological lesions of cyanotic carcasses and to compare these with control carcasses passed for human consumption.
MATERIALS AND METHODS

Study Design and Collection of Samples at the Slaughter Plant
A case-control study of 18-wk-old tom turkeys was conducted over a 3-mo period. A census of cases was conducted during the study period, and a control for each case was taken. The two were matched for shackling time and truckload and, thereby, also matched for age, sex, farm management factors, and shipping conditions. A case was defined as a carcass condemned by the veterinary inspector for cyanosis. A control was a carcass that passed the inspection procedure. Cases and controls were chosen by CFIA veterinary inspectors using current inspection criteria.
This investigation consisted of two separate studies: in the first study, 30 cyanotic carcasses and 30 matched controls were collected and subjected to microbiological testing. In the second study, 65 cyanotic and 65 control toms were collected. However, only the first three carcasses collected per day were subjected to microbiological testing, consequently a subset of 23 cyanotic carcasses and their controls were selected in this manner from the 65 matched pairs. Gross and histopathological examinations of tissues from cyanotic carcasses were limited to the group of 65 matched pairs.
After selection of cases by CFIA inspection personnel, the 65 case-control matched pairs from the second group were necropsied by one of the authors to ensure that they met the case and control definitions. During the necropsy, the author was unaware of the veterinary inspectors' classification. The necropsy involved an initial evaluation of the general carcass condition, including possible emaciation, bruising, and other abnormal coloration. The left breast and thigh were then excised, together with the overlying skin, using aseptic technique. The excised tissues were immediately placed in individual, sealed, oxygen-impermeable sterile bags and were stored on ice in a transport cooler until processing the same day in the laboratory. The carcasses were then opened, and the viscera were examined for pathological lesions. Tissue samples of lung, heart, liver, spleen, kidney, small intestine, pancreas, Pectoralis major, and Gastrocnemius lateralis were collected and immediately placed in formalin for fixation. 
Microbiological Testing
In the first group, one P. major section was taken, whereas in the second group, three muscle samples were taken, one each from the anterior and posterior aspect of the P. major and one from the thigh. The skin overlying the P. major and G. lateralis was removed, and the surface of the muscles was seared with a spatula. Twenty-five grams of unseared tissue per muscle was removed and placed in a sterile stomacher bag with 225 mL buffered peptone water and was macerated for 1 min with a stomacher.
The presence of Salmonella was identified by the use of the modified semi-solid Rappaport Vassiliadis (MSRV) medium, which is frequently used for broiler rinses and meat products (Gossens et al., 1984; de Smedt et al., 1986) , and the procedure used was that described by . The macerated muscle and peptone mixture was incubated at 37 C ± 2 C for 17 to 24 h, and the 100 µL was inoculated on to the periphery of an agar plate containing MSRV medium.
2 Each sample was plated in duplicate, and control plates with a known Salmonella culture were also included in the study. Further incubation at 42 C ± 2 C for 17 to 24 h was performed, after which the MSRV plates were examined for the presence of characteristic crescent-shaped colonies that migrate ≥20 mm, typical of motile Salmonella. An inoculating loop was used to transfer colonies from positive MRSV plates to a MacConkey plate, which was incubated at 37 C ± 2 C for 17 to 24 h. Negative MSRV plates were reincubated for a further 20 h, and positive plates indentified in this method were carried on to the next phase of selective isolation.
Plates were checked for the presence of colonies that fermented lactose (pink) and those that did not (tan). Lactose-negative colonies were streaked onto a tryptic soy agar plate. Presumptive confirmation of Salmonella was performed by transferring material from a colony on the tryptic soy agar plate onto a glass slide and adding one drop of Salmonella antiserum Poly A-I + VI; the material was observed for agglutination.
The aerobic plate count, Escherichia coli plate count, and coliform plate count were performed by the petrifilm method described by Curiale et al. (1991) using Petrifilm E. coli count plates.
3 Successive dilutions to 10 −3 were made with macerated muscle and sterile peptone diluent, and a 10-mL sample of each was placed at the center of a Petrifilm plate and incubated at 35 C ± 2 C for 42 to 48 h. For aerobic counts, all red colonies were recorded in the countable range (25 to 250 colonies). For E. coli counts, all blue colonies with gas were recorded from all plates until a count in the range of 15 to 150 colonies was obtained. The total coliform count was the sum of all red colonies with gas bubbles and the E. coli count. Results recorded were the average of the duplicates for each sample and were reported as colony-forming units per gram of sample.
Histopathological Examination
Tissues fixed in neutral formalin were trimmed, embedded in paraffin blocks, sectioned, and stained with hema- Case and control defined as positive (i.e., with lesion) if score = 1 (mild) or score = 2 (marked); case and control defined as negative (no lesion) when score = 0.
toxylin-eosin. Availability of resources precluded histological examination of all tissues collected, therefore a preliminary investigation was conducted on 10 randomly selected cases and controls to identify the tissues that could most profitably be subjected to screening by trained pathologists. This investigation suggested that lesions should be expected in cyanosis cases in greater frequency than in controls for heart, liver, lung, Pectoralis major, and Gastrocnemius lateralis.
Two trained and experienced avian pathologists independently examined and described the tissues listed above from the 65 cases and 65 controls. The slides were coded such that the pathologists were unaware of the case or control status of the bird from which the tissues originated, and they were also unaware of the other's scoring. Two samples, longitudinal and cross-sectional, were taken from each P. major and G. lateralis, and the more severe lesion was recorded. The types of lesions and scoring systems used for the various tissues are summarized in Table 1 .
Statistical Analyses
All data were entered into a database file.
4 Differences in the log-transformed mean bacterial counts were compared by the use of a paired t-test. A McNemar's χ 2 test was used to compare the proportion of histopathological lesions among cases and controls. The agreement beyond chance between pathologists in describing the histopathology was measured by the use of a weighted κ (Cohen, 1968) , using weights based on the degree of disagreement between them (Fleiss and Cohen, 1973) , and with a confidence interval based on the variance of the weighted κ (Fleiss et al., 1969) . 4 Statistix, Version 4.1, Tallahassee, FL 32317-2185.
RESULTS
Microbiological Testing
There were no significant differences between the aerobic counts, coliform counts, and E. coli counts of meat from cases and controls in either group of both studies (P > 0.05; Table 2 ). Furthermore, the Salmonella (qualitative) test was negative for all cases and controls in the second study.
Histopathological Examination
There were no histological lesions consistent with the presence of a septicemic-toxemic process in birds with cyanosis. Abnormal pooling of blood, typical of inadequately bled carcasses, was also not present in affected carcasses. There were no significant differences between the proportion of all histopathological lesions in cases and controls (P > 0.05; Table 3 ). The agreement beyond chance between pathologists evaluating histological lesions ranged from good (e.g., P. major edema; κ = 0.73) to excellent (e.g., liver fibrosis; κ = 0.97).
Lesions found in the case and control groups included hepatitis (used in this context to represent an unspecified hepatopathy). On gross examination, affected livers were larger and firmer than normal, ranging in color from cream, to pale tan, to green and affecting at least 50% of the organ. A microscopic examination showed varying degrees of hepatic fibrosis and biliary proliferation; however, the proportion of cases having these lesions was not different from the controls (P > 0.05). Leg edema and hemorrhage were unilateral, with marked subcutaneous edema and mild hemorrhage of the medial aspect of the thigh, distending the overlying skin. Muscle degeneration of the P. major and G. lateralis consisted of swollen and hypereosinophilic fibers, central core necrosis, and frag- mentation of contractile elements. There were no significant differences between the proportion of cases and controls with leg edema or muscle degeneration (P > 0.05).
DISCUSSION
Microbiological Testing
The most important result of this study was the observation that the microbiological profile (Salmonella, coliform, E. coli and aerobic plate counts) of carcasses condemned for cyanosis was not qualitatively or quantita- Case and control defined as positive (i.e., with lesion) if score = 1 (mild) or score = 2 (marked); case and control defined as negative (no lesion) when score = 0. tively different from carcasses that passed the inspection procedure. Although some bacterial colonies were recorded for most samples, they were extremely low in number and were considerably less than those reported by other authors of studies of poultry microbiology. For example, the study by Curiale et al. (1991) , on which the microbiological method of this study was based, found coliform counts (log 10 cfu/g) in ground turkey breast to range from 2.7 to 2.4 (high count), to 2.2 to 3.0 (medium count), to 1.3 to 2.0 (low count) log 10 E. coli/g. Salmonella was absent from all cases and controls; therefore, we conclude that no systemic involvement (septicemia) of these microorganisms was present in cyanotic carcasses.
It is important to point out, however, that in the present study deep muscle samples were obtained for microbiological testing and not surface rinses or swabs. Salmonella is regularly identified from poultry carcasses in southern Ontario (Poppe, 1994; . In fact, as many as 86.7% of turkey flocks have tested positive in prevalence studies based on flock environmental testing or carcass rinse testing, which are much more likely to contain contaminants, such as Salmonella, than the internal meat samples that we tested (Irwin et al., 1994) . Salmonella organisms are frequently isolated from the gastrointestinal tract of poultry but less so from other tissues because bacteremia, and subsequent localization in extra-intestinal tissues is not common for many serotypes of Salmonella (Brownell et al., 1969; Poppe et al., 1992 Poppe et al., , 1993 . There is considerable evidence that under commercial conditions Salmonella and other enteric organisms contaminate the exterior (skin) and interior (body cavity) surfaces of poultry carcasses at slaughter due to cross-contamination from feathers, fecal material, ruptured intestines, and perhaps other sources such as contaminated chill water (Bailey et al., 1987; Genigeorgis et al., 1989; Lillard, 1989 Lillard, , 1990 .
Deep muscle samples were the appropriate tissues to culture for microbiological agents in this study because the hypothesis was that the edible tissues (muscle) from turkeys condemned for cyanosis were at greater risk of contamination than inspection-passed carcasses. Contamination of deeper (nonsurface) tissues would not be expected to occur during normal processing procedures. The tissue sampling protocol used in this study ensured that fecal contamination of the meat from the skin surface was minimized, and the meat sample was excised from within the whole muscle and seared on the surface immediately prior to processing the sample for the microbiological assessment. Under the conditions of this study, it is unlikely that cyanosis resulted in birds with deep muscle bacteremia.
The tests used for aerobic counts, coliform counts, and E. coli counts are those recommended by the Association of Official Analytical Chemists; for example, a positive predictive value of 97.3% was reported for the Petrifilm E. coli count plate method (Curiale et al., 1991) , suggesting that the test should be suitable. The MSRV method is widely used for the isolation of Salmonella, and numerous studies have shown that this method is more sensitive and specific than other enrichment procedures .
Histopathological Examination
The lesions in the cyanotic group are not indicative of a potential food safety concern, and the microbiological and histopathological profiles of these turkeys were not different than those of birds that passed inspection. Cyanosis is one of the signs observed in poultry condemned for septicemia-toxemia, although carcasses condemned for cyanosis in Canada actually have darker and redder meat (Mallia et al., 1996 (Mallia et al., , 1997 . Assessment of the criteria suggested by USDA for the condemnation of a carcass for septicemia-toxemia (Ewing, 1997) state that the following lesions should be present: the presence of inflammatory lesions, particularly hyperemia of internal organs; dehydration; emaciation; accentuated accumulation of deoxyhemoglobin, especially in the skin (cyanosis), or pale to red-brown discoloration of the fat at the base of the heart or thigh. Ewing (1997) also indicated that differential diagnoses should include septicemia-toxemia when carcasses have only one of the following lesions: 1) dark skin and meat, 2) small and thin carcasses, 3) mildly dehydrated carcasses, 4) swollen kidneys, 5) melanin in the fat or around the hocks, 6) localized hock lesions, and 7) mild ascites or hydropericardium. The carcasses condemned for cyanosis in this study did not have the above-listed combination of lesions that would render them compatible with septicemia-toxemic carcasses.
The category of condemnation described as hepatitis is possibly a mild version of the condition described as cholangiohepatitis (or hepatosis), referring to the same condition that has sharply increased in Canadian abattoirs over the last few years (Hutchinson and Riddel, 1990; Herenda and Franco, 1996) or perhaps liver swelling due to some unidentified process. In our study, although several livers had gross lesions that were compatible with the case definition of cholangiohepatitis/hepatosis, the histopathological examination found no statistically significant difference between the proportion of cases and controls with hepatic fibrosis and biliary proliferation.
The histopathological interpretation was conducted by two pathologists to account for the potential subjectivity in interpretation, and the studies were blind to minimize bias. The excellent degree of agreement beyond chance observed between the pathologists is at least, in part, attributable to 1) choice of individuals with similar levels of training and experience and 2) establishing a classification scheme with levels that are easily recognizable and mutally exclusive and familiarization with the protocol prior to commencement of the study.
In conclusion, the microbiological profile of meat from turkeys condemned for cyanosis was not different than that of birds that passed inspection. Similarly, there were no significant differences in histological lesions between the cases and controls. The gross lesions in cyanotic carcasses, specifically those relating to leg edema and firm livers, could easily be trimmed and the carcasses marketed for human consumption, in a manner similar to what routinely occurs in other carcasses having only these lesions.
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